The objective was to examine the nature, the extent and the variation of the impact of edaphic factors and heavy metals (Pb, Zn, Cu) on soil acarine populations at different disturbed habitats and at a forest site in and around a metropolitan township.
INTRODUCTION
Among soil mesofauna, Acari is one of the major microarthropod groups and is often found to constitute the largest fraction of them (Bhattacharya, 1979; Choudhuri and Pande, 1981; Sanyal, 1982) . Their importance owing to their high numerical abundance and diversity in the context of edaphic environment is well established (Crossley, 1977; Heneghan et al., 1998) . Population abundance of mites in soil vary in relation to various environmental factors like temperature, moisture, organic matters, nutrient availability etc. (Choudhuri and Pande, 1981; Sanyal, 1982; Ghatak and Roy, 1991; Tousignant and Coderre, 1992 ; Rutigliano et al., 2013; Bokhorst et al., 2014) . The ecological study of soil microarthopods including mites in polluted or ecologically disturbed areas has drawn the attention of many researchers in different parts of the world (Russek, and Marshall, 2000 Manu et al., 2017) . In India however, a few studies on different groups of soil microarthropods in degraded and polluted areas have been attempted (Hazra et al., 1982; Hazra and Choudhuri, 1990; Bhattacharya and Chakraborti, 1994; Ghosh et al., 2007) , but specific studies relating edaphic factors and abundance of acarines in degraded or polluted sites is limited when the magnificent variability of observations in their ecology is considered. The present work was therefore taken up to deal with this aspect and to add up to the information base necessary for future assessment of the environmental conditions and biomonitoring as well.
MATERIALS AND METHODS
Four differently used edaphic habitats -a solid waste disposal site, a roadside area, sides of a sewage canal and a natural forest in and around Kolkata were selected for the study. At each of the sites, five sub-plots of 1 m 2 area were marked for the collection. Three cores of samples up to 15 cm depth were collected from each of the sub-plots. 
Dhapa (Site-I):

Sampling:
A cylindrical steel holder, an iron rod and a stainless steel core with 5 cm internal diameter and 5 cm depth were used for sampling (Dhillon and Gibson, 1962) . Sampling was conducted during three consecutive years (2007-2009) with a monthly interval. Three cores of samples from five subplots (of 1m 2 area) of each of the sites were collected.
Tullgren funnel apparatus modified by Macfadyen (1953) was used for the extraction of soil fauna from the samples in the present work.
Microarthropod groups were separated using needles and fine camel hair brush. They were preserved in tubes with 80% alcohol. Sorting and counting of the microarthropods was done using a wide field stereoscopic microscope with 70x magnification.
Physicochemical parameters:
Physicochemical factors investigated in the present study included soil moisture, soil temperature, organic carbon, pH and heavy metals -copper, lead and zinc.
Soil temperature was recorded at the sites during collection of samples using a soil thermometer. For other edaphic factors, soil samples were tasted in laboratory.
Soil temperature: Soil temperature was recorded from 3 cm depth of soil profile by inserting a mercury thermometer.
Soil moisture: Soil moisture was estimated by following the method suggested by Dowdeswell (1959) .
Organic Carbon: Rapid titration method (Walkley and Black, 1934 ) was followed to estimate the organic carbon content of soil.
Hydrogen ion concentration (pH):
The soil pH value was measured from soil suspension using a digital pH meter (Beckman).
Estimation of Heavy metals:
Concentrations of three heavy metals-lead, zinc and copper in soil were estimated by atomic absorption spectroscopy using method based on ISO 11047 (1998) (ISO 11047: 1998: Determination of cadmium, chromium, cobalt, copper, lead, manganese, nickel and zinc: Flame and electrothermal atomic absorption spectrometric methods). Soil Analyst 700 atomic absorption spectrometer (Perkin Elmer make) was used for the purpose.
Statistical Analysis:
A natural log transformation of the data was made to meet the requirements of normality data sets whenever necessary in the application of parametric statistical methods that included linear correlation analysis, multiple regression analysis and analysis of variance (ANOVA) (Gerard & Berthet 1966) . For statistical analysis, software Minitab, version 5.1.2600 service pack 2 was used.
RESULTS
Soil moisture and organic carbon exhibited statistically significant and positive correlation with the mite population in all the sites, while soil temperature and heavy metals showed weak or strong negative effect in most instances. Interrelations between edaphic factors were also studied along with mite population which indicated negative impact of moisture on metal content in many instances (Tables 1-4 ).
Site-wise observation on correlation between mite population and physicochemical factors:
Site-I: Soil temperature showed no significant correlation with the abundance, while moisture and organic carbon exhibited strong positive correlation (p<0.05). pH was also positively correlated with the abundance (p<0.01). Heavy metals (lead, zinc and copper) showed significant negative impact (p<0.05) ( Table 1) .
Site-II:
Temperature exhibited no significant relationship with population. Soil moisture and organic carbon had positive correlation (p<0.01). Lead and zinc exhibited significant negative effect on abundance (p<0.05). pH and copper showed no significant correlation with the same ( Table 2) .
Site-III:
Temperature exhibited strong negative correlation (p<0.05). Soil moisture (p<0.01) and organic carbon (p<0.05) exhibited significant positive effect on the abundance, whereas for pH, lead and zinc, negative correlations (p<0.05) were observed. Copper showed no significant correlation with the abundance (Table 3) .
Site-IV: Soil temperature showed significant negative correlation (p<0.05) with the population abundance. Lead and zinc also exhibited significant negative impact (p<0.05). Soil moisture (p<0.05) and organic carbon (p<0.01) showed positive correlation with the abundance, while pH and copper showed no significant correlation with the same (Table 4 ).
Regression Analysis (Regression Lines and Multiple Regression):
Equations of regression lines depicting interrelationships between edaphic factors and population abundance of mites were worked out and lines were drawn to see the extent of impact of the factors separately ( Figs. 1-4 ). Besides multiple regression analysis were also performed to investigate the collective impact of the factors (Table 5) .
Site-wise observations on Regression Lines and Multiple Regression Analysis:
Site-I: The regression lines had negative slope for temperature, lead, zinc and copper and for the rest, the slope was positive. The adjusted R 2 (Coefficient of determination) ranged from 8.3% (organic carbon) to 48.5% (pH) (Fig. 1 ).
Multiple regression equation taking abundance of mites as response and seven physicochemical factors were prepared. R 2 value (Coefficient of determination) indicated that the predictors might explain up to 70.9% of variance of the response (mite population). The R 2 adjusted for the number of predictors in the model was 63.6% (Table 5) .
Site-II:
The slopes of regression lines were negative for temperature, pH, lead, zinc and copper and positive for the rests. The adjusted R 2 showed a range from 5.4% (copper) to 30.4% (moisture) (Fig. 2) .
In multiple regression analysis, R 2 value indicated. It showed that the predictors might explain up to 43.3% variance of the abundance of mites, while, 36.6% was the adjusted R 2 ( Table 5) .
Site-III:
Positive slopes of regression lines were noticed for soil moisture, organic carbon and copper. Individual factors could explain 1.9% (copper) to 48.5% (soil moisture) of variation of population as the adjusted R 2 suggested (Fig. 3) .
In multiple regression analysis, R 2 value shows that the predictors may explain up to 66.7% of variance of the response while the adjusted R 2 was 58.4% (Table 5) .
Site-IV:
The slopes of regression lines were negative for temperature, lead, and zinc and positive for the rests. Selected factors, taken separately, could explain from 0.4% (copper) to 40 .1% (organic carbon) of variance of abundance data as the adjusted R 2 showed (Fig. 4 ). R 2 value in the multiple regression analysis indicated that the predictors explained upto 59.5% variance of the response while the adjusted R 2 became 49.3% (Table 5 ). Choudhuri and Pande (1981) in Darjeeling Himalayas, while some workers reported the same in other parts of West Bengal (Sanyal, 1981b (Sanyal, , 1982 Sanyal and Bhaduri, 1982; Sanyal, 1991a) . Of them however, significant positive correlation was reported only by Sanyal (1981b) . Negative correlation in Darjeeling was recorded by Pande (1979, 1981 ) and Ghosh and Roy (2004) .
DISCUSSION
Significant positive correlation between the soil moisture and the mite populations in the present study was in agreement with several studies conducted earlier ( Impact of organic carbon on mite populations was significantly positive at all sites. This is in conformity with the earlier observations made in this region (Choudhuri and Pande, 1979 , 1982 Ghosh and Roy, 2004 ) and other places in West Bengal (Banerjee, 1974b; Bhattacharya and Raychaudhuri, 1979; Joy and Bhattacharya, 1981; Sanyal, 1981a Sanyal, , 1981b Sanyal, , 1982 Sanyal, , 1991b Sanyal et al., 1999; Roy et al., 2004) . Chitrapati and Singh (2006) Sanyal (1981a) and Sarkar (1991) reported either weak or significant positive impact of pH. Choudhuri and Pande (1979 , 1982 , and Ghosh and Roy (2004) reported negative correlation with pH at different sites in the Darjeeling Himalayas, West Bengal.
Negative impact of heavy metals on the diversity and the abundance of soil organisms including mite is a common observation as it is evidenced from various studies (Dindal et al., 1975; Hazra and Choudhuri, 1990 Zaitsev and van Straalen (2001) observed that the mite community as a whole was tolerant to the contamination of heavy metals like lead, zinc and copper by a metallurgical plant. Skubala and Kafel (2004) observed that despite the high Zn concentrations, there was no significant decrease in density compared to the control and thus it could be concluded that Zn does not have a significant effect on this group. Similar result was obtained by Hågvar and Abrahamsen (1990) . Skubala et al. (2016) observed positive correlation between the Zn content of oribatid mites and their microhabitat which indicate that the group is prone to bioaccumulation of this metal. Other edaphic factors like moisture, pH etc. are also important and should be taken into consideration while investigating the effects of heavy metals on mite population (Steiner, 1995) .
For all the edaphic factors cited above, there should be an optimum range favourable for soil organisms including mites, below or above of which the factor may render detrimental effect on the organisms. Different species have their respective physiological needs and range of tolerance for those factors. The qualitative or quantitative characters of the factors at a given site however, may not always develop as per the biological need. Different studies with same components (either organisms or environmental factors or both remaining same) at different time and place may produce different outcome for the above uncertainty. Further, the factors may or may not remain interlinked and may produce combined effect with greater impact of some more important factors.
CONSLUSION
In the control site, i.e., the forest floor, the mode and the extent of impact of the selected factors differed conspicuously from rest of the sites. The acarine community of the sites with polluted or disturbed habitats however appeared to be affected in a more or less similar pattern in spite of their differentiable mode of perturbations.
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